Abstract. In the high energy limit, perturbative QCD predicts that hard scattering amplitudes should follow simple scaling laws. For hard scattering at 90 • , we show that experiments support this prediction even in the "medium energy" regime of 2.3 GeV ≤ √ s ≤ 2.84 GeV, as long as there are no s-channel resonances present. Our data consists of high statistics measurements for five different exclusive meson photoproduction channels (pω, pη, pη , K + Λ and K + Σ 0 ) recently obtained from CLAS at Jefferson Lab. The same power-law scaling also leads to "saturated" Regge trajectories at high energies. That is, at large −t and −u, Regge trajectories must approach constant negative integers. We demonstrate the application of saturated Regge phenomenology by performing a partial wave analysis fit to the γ p → pη differential cross sections.
In the 1970's, Brodsky and co-workers [1] showed from perturbative QCD (pQCD) that in the limit s → ∞, t/s constant, the differential cross section for the exclusive process AB → CD should scale as
Here n = n A + n B + n C + n D is the total number of elementary fields of the initial and final state partons. The result derives from the fact that in the near-conformal limit of pQCD, there is only one energy scale in the process, viz., the center-of-mass energy √ s. Therefore, the creation and annihilation operators of the partons participating in the scattering must also scale as √ s, leading to the above expression. Since t ≈ −s(1 − cos θ ) at large s, fixed t/s implies fixed cos θ . Thus, Eq. 1 can also be written as
where one looks at θ = 90 • fixed-angle scattering to extract the scaling power. Assuming only quark constituents, the above rule predicts
, et al. Previous high energy experiments at SLAC [2] , BNL [3] and elsewhere have generally confirmed these predictions. In this article, we probe the "medium energy" domain of 2.3 GeV ≤ √ s ≤ 2.84 GeV. It is interesting to note that this region represents the transition regime between pQCD and non-pQCD. We make use of recent high statistics results from CLAS for five different non-πN exclusive photoproduction channels [4, 5, 6, 7] . In general, we find that powerlaw scaling holds for all these channels. This points to the inference that as long as there are no s-channel resonances, Eq. 1 is also a non-perturbative result. Fig. 1 shows (dσ /dt) θ =90 • plotted against s for the photoproduction channels pω [4] , pη [5] , pη [5] , K + Λ [6] and K + Σ 0 [7] . All five analyses came from the same CLAS "g11a" data set. The results for pω, pη, pη and K + Λ have been published recently and K + Σ 0 results are under internal CLAS Collaboration review, as of this writing. For each channel, we also show a fit of (dσ /dt) θ =90 • to the functional form As −C . The power-law scaling is prominently visible for all the channels. We caution the reader that the exact value of the scaling power C extracted from the fit varies according to the cut-off value s min set in the fit function. For meson-baryon photoproduction the nominal scaling is expected to be s −7 . If the photon dissociates into a quark-antiquark as in the vector meson dominance model, an s −8 can also be expected. Therefore, one expects C to be 7 or slightly greater. While the K + Λ, K + Σ 0 and pη channels seem to conform to C ≈ 7, the ω p and pη channels show deviations from this behavior. 
THE SCALING POWERS

SATURATED AND INTERPOLATING REGGE TRAJECTORIES
Following the derivation given in Ref. [8] , in the limit −u, −t and s all large with fixed t/s and u/s, we write the scattering amplitude as
Here F M (x) ∼ (−x) −M corresponds to the form factors, given by M = 1 and 2 for mesons and baryons, respectively. In the vector-meson-dominance picture, M is also 1 for the photon. Therefore, the amplitudes for meson-baryon photoproduction scale as A ∼ (−u) −1 (−t) −2 . Since dσ /dt ∼ |A | 2 /s 2 , the cross-section scales as s −2 u −2 t −4 . In the limit s ∼ |u| ∼ |t|, one gets ∼ s −8 scaling. This is the same power-law scaling as described in the previous section.
If we now cast Eq. 3 in the Regge form A ∼ β (t)(−u) α(t) or A ∼ β (u)(−t) α(u) , we get α(u) −u→∞ = −2 for uchannel baryon exchange and α(t) −t→∞ = −1 for t-channel meson exchange. Here we have only sketched a heuristic derivation of the "saturation" of Regge trajectories. The full proof can be found in Ref. [8] .
The above scenario means that for a t-channel Regge exchange in the (unphysical) t > 0 regime, the Regge trajectory will be a monotonically increasing linear curve. In the hard-scattering limit t 0, the trajectory will saturate out to negative integers. For intermediate values of t (which is our region of interest here), the two trajectories will be smoothly joined by an "interpolating" Regge trajectory. Fig. 2 shows an example of an interpolating Regge trajectory for t-channel ω exchange. As the simplest approximation, we have connected the linear and saturated sections by a circular arc. 
INTERPOLATING REGGE TRAJECTORY FITS
Having shown that conventional Regge trajectories must saturate at large momentum transfers, leading to the concept of interpolating Regge trajectories, we now demonstrate the usefulness of this phenomenological model in performing fits to differential cross section data. Without any loss of generality (the same procedure can be applied to the other channels), we look at η photoproduction at the highest available center-of-mass energy √ s = 2.795 GeV. Fig. 3 shows a fit to dσ /dt using conventional Regge trajectories. We have included ρ and ω exchanges for the t-channel and a u-channel proton exchange for the u-channel. While the fit does a good job in describing the data in the forward (tchannel) and backward (u-channel) angles, the fit completely fails in mid-angle regions. Since √ s = 2.795 GeV is sufficiently high, we do not expect any s-channel contribution as well. Fig. 4 shows the same fits, but with the conventional linear Regge trajectories replaced by interpolating trajectories. There is a marked improvement in the overall quality of the fits, especially in the mid-angle regions. We point out that simple Regge theory works very well in the near diffractive limit t → 0 (forward angles) or u → 0 (backward angles). However, at larger |t| or |u|, hard-scattering occurs. Although two physical mechanisms are entirely different, at high energies, both lead to power-law behavior. The interpolating trajectories are needed to smoothly connect the Regge and hard-scattering limits.
FUTURE PROSPECTS AND CONCLUSION
The interpolating Regge fit described in this work can be applied to the other photoproduction channels as well. In additional to differential cross sections, the Λ, Σ 0 and ω channels also have polarization data at high energies that need to be included in the fits. Our method of constructing the interpolating trajectories by using a circular arc has been completely empirical. The radius of this arc can also be taken an independent parameter for future fits.
In conclusion, we have shown that fixed-angle scaling occurs in five different photoproduction channels using recent results from CLAS. The same scaling laws lead to the construction of interpolating Regge trajectories that smoothly connects the hard-scattering and Regge regimes. We also showed the application of this phenomenology to the specific case of η photoproduction. We are currently expanding this work and hope to present a more complete set of results incorporating the other channels in the near future.
